Segmentation of Discrete Curves into Fuzzy Segments by Debled-Rennesson, Isabelle et al.
HAL Id: inria-00071589
https://hal.inria.fr/inria-00071589
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Segmentation of Discrete Curves into Fuzzy Segments
Isabelle Debled-Rennesson, Jean-Luc Rémy, Jocelyne Rouyer-Degli
To cite this version:
Isabelle Debled-Rennesson, Jean-Luc Rémy, Jocelyne Rouyer-Degli. Segmentation of Discrete Curves
into Fuzzy Segments. [Research Report] RR-4989, INRIA. 2003, pp.17. ￿inria-00071589￿
IS
S
N
 0
24
9-
63
99
   
   
 IS
R
N
 IN
R
IA
/R
R
--
49
89
--
F
R
+
E
N
G
ap por t  
de  r ech er ch e 
THÈME 2
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Segmentation of Discrete Curves into Fuzzy
Segments
Isabelle Debled-Rennesson — Jean-Luc Rémy — Jocelyne Rouyer-Degli
N° 4989
Novembre 2003
Unité de recherche INRIA Lorraine
LORIA, Technopôle de Nancy-Brabois, Campus scientifique,
615, rue du Jardin Botanique, BP 101, 54602 Villers-Lès-Nancy (France)
Téléphone : +33 3 83 59 30 00 — Télécopie : +33 3 83 27 83 19
 
			! "$#%
	'&( ())* +
	
,.-0/21354647398:3;1473;<=.>"35??35-0-0@2?BADC23E/F?=GHI9>KJ;LNMOADC2@I53;47M?3P>K@QH$M23;RS=.8:3;T246U
VXWZY\[^]_`badc\eZfg]hjilk5fjmSfg]\h
]SnomSpqhrmsthvuxwE[y2ilhjfrz5st]
{}|~iq]nZplkl]
pqtFi5|xn]|~]\mWZ]\|~mWZ]!e255l`i5]S[
yZ|]_q5l`tplkl]\u
"$\SZll  eZ]S¡¢mSiletmS]Sn0£X¤¥sZ¦S¦\w§u]Sk5[^]\e;n~u\£fruKfje;n|~istm]0¡WZfrmW¨pqhjhgi¡u^¤¥i5|K©t]SªEfjyZhj]Pu]Skq«
[]\e5npn~fgi5e¬iq¤dfju~m|~]n~](mSsZ|5]\u\£Dui9n~pl­EfgeZkNfje5n~iNp5mSmSilsZe;n^uil[](eZilfrux]:fje®nWt]S[°¯±]\hgwEfjeZkPi5e±ple
pl|fgnWt[^]Snfrm+pqZt|i;plmWPil¤XZfju~m|~]n~]+hgfjeZ]\u\£$f²nk5]SeZ]\|~plhgfj¦S]0u³nWZ]\[:£plZ[^fgnxn~fgetk´nWtpqnuxi5[]+Fi5fge;n~upq|~]
[fruufjeZkt¯VXWEstu\£Qp(hrpq|~kl]S|³mhrplu~uoil¤Dily]0m.nuofrumileFuxfr]S|~]\v¯µl]\|w:]¶KmSfg]\e5n]Sn]\mnfjileNpqhjklil|~fgnWZ[
¤¥i5|X¤¥sZ¦S¦\w(u]Sk5[^]\e;n~uXpqet:fgn~uplZZhjfjm\pnfjile(niKmSsZ|~l]ux]\kl[]Se;n~pqnfjile°pq|~]³t|]0ux]\e5n~]\·¯
¸´¹;ºQ»~¼½ ¾$l ¿ ]Skl[]\e5npn~fgi5ev£ZÀZsZ¦\¦Sw ¿ ]Sk5[^]\e;n\£ZÁ³fju~m|~]n~]ÂvfjeZ]l£Zoilfruxw:Ãst|5]
 +
		$ :  ( :	  
	° (
	
  
  oilstu"fge;n~|isZfruiletuKtpqetu(m]9|pqZ2il|nKsZe eZi5sZl]0pqs mi5etm]\n\£hj]\u(ux]\kl[]Se;nu©tilsFuS£
z;sZfX2]S|~[]nsZeZ]°ux]\kl[]Se;n~pqnfjile¬Z]\umi5sZ|y2]\u^frumS|YSn]0uZhjstu
©t]SªEfjyZhj]l£Dn]SeFpqe;nmSil[n~](s§yZ|~sZf²n
tpqetu
hg]0umilst|y2]\u\¯ Âvfjch pqZt|imWZ]:pq|~f²n~WZ[cnfrz;sZ](Z]\u|~ilfgn]\u^frumS|YSn]0uS£ fjhXhjpklc\eZcS|pqhjfju]l£]\e
p5[]nn~pqe;nz5st]m]\|xnpqfjetu2ilfje;n~uduxi5fg]\e5ndpqytu]Se;n~u\¯³e92]SsZnplfgetufmSiletufrcS|~]S|steZ]
mShjp5uu] ily]Sn~u
thgstu$pluxn]5¯oe
pqhjkli5|fgnWt[^]}n|~Y\u$]¶KmSp5m]]D|~]\mSileZetplfju~u~pqetmS]D]u]Sk5[]Se;n~u©tilsFu]Snuile
pqZZhjfrmSpn~fgi5e
^hrpux]\kl[]Se;n~pqnfjile°]mi5sZ|y2]\uZfju~m|~Yn~]\uuile;nZ|c0ux]\e;nc\u\¯
!½ 0 »  
 ( ¿ ]\kl[]Se;n~pqnfjilev£u]Sk5[^]\e;n©Filsv£tZ|i5f²n~]Zfju~m|~Yn~]l£Zmi5sZ|~yF]yZ|~sZfgncS]
 	

	
 !#"$#%&
('*)+),( -.
 
/ 0 
	  : (D	
osZ[]S|~ilstuDn]0mWZeZfrz;sZ]\uD¤¥il|nWt]du]Sk5[^]\e;n~pn~fgi5e+iq¤thjpletpq|XfrumS|]Sn]³mSsZ|~l]\uDWtpl]³yF]\]Se(Z|i5Fi;ux]0^¤¥il|
n~WZ]:hjp5un^nWZfj|nwNw5]\pl|~u21 ustmW±p5u43 _£D;£ $576.¯ ¿ il[](il¤nWt]S[ pq|~]"yFplu]\ i5e®nWt](Z|~fjetmfjZhj](il¤nWZ]
2ilhjwEkli5etpqhvplZZ|~iªEfj[+pn~fgi5e(¡WZ]\|]n~WZ]mSsZ|5]fju³uxZhjfgnofge;n~iKp+ux]0z5st]SetmS]iq¤}un~|~plfgk5W;nXhjfjeZ]u]Skl[]\e5nuS¯
¿ ]Sl]\|~plh}pqsn~WZil|u398£$$5t|i5Fi;ux]0hjfjeZ]\pl|pqhjkli5|fgnWZ[+ud¤¥i5|nWt]"ux]\kl[]Se;npnfjile fje;ni9]Sªp5m.nfru~m|~]n]
uxn|pqfjklW;nXhgfjeZ]0uS£ZyFplu]\(ile:Z|]0mfrux][+pn~WZ]S[+pqnfrmSpqhvZ]	:teZfgnfjileFuXiq¤ fju~m|~]n~]un~|~plfgk5W5nXhjfgeZ]0uS¯
;oi¡]\l]\|\£}fjeil|]S|n~iN¤¥sZh<:FhnWt]´eZ]S]0Zu¤¥il|Kple pqZZ|~i5p5mWZ]\¬ux]\kl[]Se;n~pqnfjile§iq¤frumS|]Sn]´msZ|~l]0uS£
npq­EfjeZk´fge;n~iPplm\milste5n
eZilfrux]0usZ]"niPtpn~p°t|im]0uufjeZk´il2]S|pn~fgi5etuS£ustmW®pluu­l]\hg]Snfrupqnfjile fje nWZ]
m\plu]Dil¤Zfg[+pqk5]Zpqn~pt£¡]Z|]0ux]\e;nfjenWtfju$tplF]\|$poeZ]S¡®etiqnfjile£nWZ]¤¥sZ¦S¦\wux]\kl[]Se;nuS£¡WZfrmW|~]Shjfg]0ui5e
plepq|~fgnWZ[]n~fjm\pqh]:teZfgnfjileil¤FfrumS|]Sn]Xun~|~plfgk5W;nhgfjeZ]0u=3 >$5¡WZ]\|]DnWZfrm­EeZ]\u~u$[+pwdy2]tpq|pq[]n~]S|~fg¦\]\·¯
±¤¥sZ¦\¦Sw^ux]\kl[]Se;n fju ple^q« mSileZet]\m.n~]\
ux]0z5st]SetmS]il¤F2ilfje;n~u ¡WZfrmW^yF]\hgi5eZkdnipfju~m|~]n~]un~|~plfgk5W5nhjfgeZ]
¡fgnWNpKk5fg5]Se°nWtfjm­EeZ]0uu\¯dµtpl|~pl[^]Sn]\|\£FnWZ]^il|]\|oiq¤DpK¤¥sZ¦S¦\w9ux]\kl[]Se;n0£22]S|~[f²nun~i(mSile;n|~ilhnWZ]
pl[ZhgfgnsF]il¤ nWZ]^pqsn~WZil|~fg¦\]\°eZi5fju]yEw2:ZªfgetkKnWt]nWtfjm­EeZ]0uu³iq¤nWt]^uxn|pqfjklW;nhjfgeZ]^y2ilsZetZfgeZk"nWZ]
¤¥st¦S¦Sw´u]Sk5[^]\e;n\¯ZfjeZk:p+Fi5fge;n³ni"pK¤¥sZ¦S¦\w:u]Sk5[^]\e;nofjuon|pqeFuxhrpn~]\°fje5n~i+nWt]
mSplhjmSsZhrpnfjile´il¤ nWZ]
uhjil2]pletn~WZfrm­;et]\u~uil¤2p³eZ]S¡±yFi5sZetfjeZkuxn|pqfjklW;nhjfget]l¯@? n mSil|~|]0ux2ileFZuvn~il]S|~w]\p5uxwm\pqhrmsZhrpn~fgi5etuS¯
? nhj]\pltuon~i:plePfjetm|~]S[]\e5npqhpqetPl]\|w°]¶KmSfg]\e5npqhjkli5|fgnWt[ ¤¥i5|dnWZ]uxthgfgnxn~fgeZk°il¤p"fru~m|~]n]mst|5]
fje;ni^¤¥sZ¦\¦Sw(u]Sk5[]Se;n~u¡fgnWA:Zª]\(il|]\|\¯
? e ¿ ]\mnfjile_£Dpq¤ n]S||~]\m\pqhjhgfjeZkZ]	:teZfgnfjileFu^plet®yFplufjm(Z|~il2]S|nfj]\u
iq¤³fru~m|~]n]°uxn|pqfjklW;n
hjfget]\u\£}¡]
Z]	:teZ](nWt]:|~]Shrpn~]\¬eZiqn~fgi5e¬iq¤o¤¥sZ¦S¦\w®ux]\kl[]Se;n+pqet¬yFi5sZetfjeZk un~|~plfgk5W5n^hgfjeZ]5¯±VXWZ]\ev£}fje ¿ ]0m.n~fgi5e
t£pP¤¥sZetZpl[]Se;n~plhXnWZ]\il|~]S[ i5e®nWt]´kl|~i¡fgeZkiq¤p9¤¥sZ¦\¦Sw¬u]Sk5[]Se;n+fjuZ|~il]0·¯B? n+hj]\pltu^niNnWZ]
fjetmS|]\[^]\e;n~pqhFpqetKplhgk5il|~f²n~WZ[ ¤¥i5|}n~WZ]|~]\mi5kleZfgnfjileil¤pd¤¥sZ¦S¦\wu]Sk5[]Se;nD¡fgnW"pC:tªE]0il|]S|]npqfjhg]0
fje ¿ ]\mnfjile+F¯$n}hrpluxn\£lnWZ]oplhgk5il|~f²n~WZ[ ¤¥i5| nWZ]³ux]\kl[]Se;n~pqnfjile^iq¤·pmsZ|~l]Xfje;ni¤¥sZ¦\¦Sw^ux]\kl[]Se;n~u¡fgnW
:tªE]0"i5|~Z]S|fruXZ|]0ux]\e;n]\:pqeF"fjhghjstuxn|pn~]\:yEw"p
¤¥]S¡ ]ªZpq[Zhj]\u\¯
D FE°(	$:   GE:$v	IH(%HX	
JLKNM OQPNRTS-UWVX!VZYPN[\V]R
? e:n~WZfjuu]\mnfjilev£t¡]yZ|~fg]S©twK|~]\m\pqhjhQuil[]|~]\usZh²nuXiq¤F3 >5pqet^3 _5vn~Wtpn¡]uxWtplhgh·et]S]\v¯
`:¹ba@c@d  d ½ecgfih ¾ d 0q ¹  ¹  dc¹kjNlNmon e$+p4q2rsetou$tNvwtx=y n 2
&z.2	
2&.
*C{.$&.
2r|]tN}Wy
"$# +,$&b
&z.&-o~.$<&
	visb|Au+}vxzWst+u_tNvwtNx4&.
b+	w&
7zuA
ep%b+p!&s n uo  
&z.C#o{.N
&z.p$	
%<&e n vCe$+p($+$!epepx$#&
7zT	
+$

7zT+ e	o
o[ileZk^nWt]fju~m|~]n~]hgfjeZ]\uX¡]uWtpqhjhvfrun~fgeZk5sZfruxWv£Zp5mSmSil|fgetkn~inWZ]\fg|Xn~il2ilhjilklw3 >$5¡
 nWZ] e&"_^¢&-# ¡WZfjmW pq|~]9« mileteZ]\mn]\ plet¤¥i5|"¡WZfrmWnWZ]PnWZfrm­EeZ]\u~u x 5]S|~f<:F]\u x 
£ sb|@r¤ s-¤<t¥¤ u¤ y £
 nWZ]¦!§ +$.-+	
+p¨¢&e	 ¤¥il|¡WZfrmW(nWZ]n~WZfjm­EeZ]0uu x l]\|f:t]0u £ sb|ro¤ s¤<t¥¤ u¤ yLBx©ª¤ s¤Q¤ u¤ £
 nWZ]^frumS|]Sn]hjfget]\uou~pqfr #
ep*$p ¡WZ]\|] x  ¤ s¤_g¤ u¤ £Zn~WZfrun~WZfjm­EeZ]0uuofjunWZ]^ux[+plhghj]\uxnileZ]
¤¥il|¡WZfrmW:nWZ]Zfju~m|~]n~]dhjfjeZ]fjuXl« mSileZet]\m.n~]\·£
««­¬$®W¯	°#±#°
 ¥	 op § .-#+$  (,  $!,  §  ¢
y
xx
y
À$fjklsZ|~]*¡ ³e+nWZ]dhj]¤ nWtpqeF"ufj]p|~]St|]0ux]\e5npn~fgi5e+y;w+tf²ª]Shru1¥]\p5mW"fje;n]Sk5]S|Fi5fge;nXfju|~]SZ|~]\u]Se;n]0
yEw¬p u~z;stpq|~]´m]Se;n~]S|~]\§pnnWZ]´2ilfje;n+6il¤dp u]Skl[]\e5n+il¤³n~WZ]°nWZfrm­¬hjfjeZ] q2r	!t ¥ t  t
by ¡Wti5u]
]0z;stpn~fgi5e:fru  $|(   } 
 £¤¥il| |  t ¥ £Zile:nWt]|fjklW;nWtplet´ufj]n~WZ]2ilfje;n~uil¤$n~WZfruhjfgeZ]
pl|]d|~]SZ|~]\u]Se;n]0"yEw"Zfju­unikl]Snop
y2]nn]\|Efjustpqhjfrupqnfjile"il¤n~WZ]hj]\pqetfgeZk^hjfgeZ]0uS¯
 nWZ] 
7zT+ 4¢&e	 ¡WZ]S|~] x¤ s¤¥Q¤ u¤ £EnWZ]\w(pq|~]dq« mileteZ]\mn]\
`:¹ba@c@d  d ½ec +$+
<¥z!
 ¢&e	=sb|%u+}  v
 sb|%Au+}  vAxA  C-$op
7zW  ¹  cdc
 dc$¹  N
7zW4p$	o	
¨¢&-q2rset+u_tNvwtNx=y h k&
b	 {W&.
N
7zW	(¢&e	(e¨+p   ¹  cdc ½dc  
VXWZ]
hg]0pqeZfjeZk+hjfget]hjiEm\pn~]\´pqy2il] 1 |]0ux¯stet]S|#6 q fge°n~WZ]:t|uxn³z;stpl|pqe;n1  is pqeF  Zu 6
|~]\u2]\m.nu}n~WZ]d¤¥ilhjhgi¡fjeZk
]\z;stpn~fgi5e sb| u#}  v 1¥|~]\uv¯ s*|( u+}  v( x   6.£fgnfruetpq[]\   ¹ 
 ¹  cdc  dc$¹1¥|~]\uv¯  ½E¼¹   ¹  cdc  dc¹!6iq¤ q £ZeZiln]0 "!Q1¥|~]\uv¯#%$ 6¯
`:¹ba@c@d  d ½ec&(' 
*)r7|,+tN}%+ y+^$i&
b	({.$&
 n 
7zW  ¹ ® dc ¾ ¹  $
(
&z.¨{.$&
-) _ 
+!-	
$^Fq2rsetou_tvwtx=y n -$
+p/.!r0)y n p 01 e+p2	,2
.!r0)y  sb| + ku+} +
ViKuxfj[Zhjf²¤¥w(nWZ]¡|fgnfjeZkt£t¡]uWtpqhjhusZZ2i5u]WZ]S|~]\pq¤ n]\|XnWtpqn 
&z.%#+{W+¥3©	
%"$	# +,  
s4u ¡WZfrmW:mSil|~|]0ux2ileFZuni^nWZ]C:F|~uxniEmn~ple5n0¯
4  ½  ½  d  d ½ec657' 
 q2rst+u_tNvwtNx=y4+4p$	
4#
<¥z!
\¢&- '$4+ +zB	 $
&"_4&.
*98 n &

;:T 
<,4:*#
$-F{.$&
<>=Az._¨o¥$op$&e
	r7|@?%A!t}?%A$y%$
&+, o
&z +$ep&
WB2
C .!r< = y  8
 | ?%A  u= 
4  ½v½@DFEHGJI d \ ¹Tc  ¹LKou s pqet u pl|]
|]\hjpqnfjl]\hgw°Z|~fg[]^yF]Sn¡]\]SePnWZ]\[:£plmSmSil|fjeZk+niNM]S¦\ilsn  u
n~WZ]Si5|]\[°£Zf²n]Sªfjuxn~u | £ } uxstmW:n~Wtpn sb| Bu+}  ¯VXWZ]\|]S¤¥il|~]l£EnWt]fge;n]\kl]\|~u 8T| 1¥eZiln]\ |@O 6Xplet 8T}
1 eZiqn~]\ }"O 6du~pnfrux¤¥we¡ sb|PO-u+}"O  8 ¯Âv]Sn |PO O y2]nWZ]|~]S[+pqfjet]\|dil¤Dn~WZ]RQ}stmhjfrfjple fgEfruxfjileiq¤ |PO
yEw u ¯FMwN]	:FeZf²n~fgi5ev£ |@O O u~pnfruN:t]\udn~WZ]+fget]\z;stpqhjfgnfj]\u  |PO OFuL  plet9n~WZ]S|~]+frupqeNfge;n~]Skl]\|TS
ustmW:nWFpn | O k| O O fru]0z5sFpqh·n~iFS u ¯Â]n } O O  } O s SE¯VXWZ]Fi5fge;n < £t¡fgnW´mSi;i5|~Zfgetpqn]0u r7| O O t} O O y £
u~pn~fjuN:t]0uDn~WZ]|~]\z;sZfj|]0(mSiletfgnfjileFuS¯
UWV@«XUZY
 	

	
 !#"$#%&
('*)+),( -.
 8
x
y
0 3
1
−4 −1 2
−3 0 3
−2 1
−4 −1 2
−2
6  9 12
4  7 10 13
5 8 11
6  9 12
4 7 10
À$fjklsZ|~]D_!¡v]SZ|~]\u]Se;n~pqnfjiletuQil¤EnWZ]}2i5ufgnfjl]DuWZfg¤ nl]0m.ni5|viq¤;nWt]}hgfjeZ] q r
Wt Wt  .t   *y £nWt]}|]\[+pqfjet]S|
plhgsZ]frufjetfrmSpn~]\(ile°]\p5mW"Zfgª]Shvil¤n~WZ]ux]\kl[]Se;n0¯
E2c@d  ¹Tc¹ 0 K^Â]n </O  r|POtN}"Oy pqeF </O O  r|PO OtN}"O O y yF]+n¡i´2ilfje5nuu~pn~fjux¤¥wEfgeZk°n~WZ]K|~]\z;sZfj|]0
mSiletZf²n~fgi5etuS¯Â]nostuoZ|~il]dnWtpqn < O  < O O i5|\£Z]0z;sZfgplhg]\e5n~hgw5£Zn~Wtpn | O  | O O ¯Âv]Sn |  | O k| O O pqeF
}  }"OT }"O O ¯ MwKWEwEFilnWZ]0uxfru\£ | u~pn~fjuN:t]\u \u\| u ¯´i5|]\il]S|0£lyEw"usZytuxn|plmnfjilev£ sb|¨u+} i ¯
¿ i u fgEfr]\u s*| pqet·£Eplu s plet u pq|~]|~]Shrpn~fg5]ShjwZ|~fj[^]y2]n¡]S]\enWZ]\[°£ u fjEfj]0u | plet^nWt]S|~]¤¥il|~]l£
et]\m]0uu~pq|~fjhgw5£ | Q ¯	
`:¹ba@c@d  d ½ec
 Fo&  ½  d  dF¹  d0D  2¹ l ½  	{  c$¹   dF¹  dD  2¹ q ½   q2rset+u_tNvwtNx=y n
-$
+p2	{o n ("$+	
$C+	
+	A
L{.$&
%qª	z!ozA	$&-p "$$<.#p  §
	.
e+$		{  § +4$-p¨#.oz
&z.$
  |! #"uo#{  |$&%'"©u+
`:¹ba@c@d  d ½ec)(ªh (&.
*{.$&
P)  * »~¹ I  ¹  d ½  
q  .!r0)y  v-82.!r0)y  v CxL98  
w&
7z  Ao&bA4#
#
¢,C{._#&
&"$(&.
*+7J8N  n 
7zTF{.$&
Fe¨+p un~|i5eZklhjw"]Sª;n~]S|~fgi5| 
q
ep  8  n &
 %e¨+p ¼
¹  *  º±¹ I  ¹  d7½  
q 
4  ½  ½  d  d ½ec), ' 
 T #¥{ {._L
7zW
.sF  n 
7zWF"$#
+$.p#
e+%$op$&e
p$ -\e+C+	
+	

7zW+$&b4¢&e	<&e q2rsetou$tNvwtx=y%+~.$ 
/.  $-p
7zWCzW$#)¥.
$p+
$-+  		+
p -\	-+4+	
+	 
&z.+.&b2¢&-#%+~	. 
/.  4  ½v½@D Â]nosFumi5etuxfr]\|opFi5fge;n )r|]t}%+2y ile:nWZ]sZZ2]S|ohj]\pleZfjeZk+hgfjeZ]plet(nWZ]Fi5fge;n10 r|]t}32y
i5e nWt](hji¡]\|hj]\pqetfgeZkhgfjeZ]5¯Mw ]	:FeZf²n~fgi5e sb|  u+} +  v plet sb|  u+} 2  v  x©  £}pqeF
n~WZ]S|~]¤¥i5|] } + } 2  .  ¯}VXWZ]|~]\pluiletfgeZk^fruuxfj[fghrpq|X¤¥i5|XnWZ]WZi5|fj¦Si5e;n~pqh·fruxn~pqeFm]l¯	
4  ½  ½  d  d ½ec54ZjNlNm76 z.A"$	#
+$%	{ z.$#)¥$
 #
{e q2rsetou_tvwtx=yA$
&z.  	

*	
$&-+p , &
++	
&bq $ep
&z."$	#
+$ ¢&- z._ o~.$
$|  8g#{ 4zW#) .
$
ezW$	¨+~.$
$  }  8b n zW*8k%&.
*6 z.%b 
&zTCN
7zW%"_#
+-+
{CC
7zW+W+	!
&"_%&.
b"$$¢.	98 . #:$ep;8 . #:   Lup* 	
-$
Fp$&"¥p x$-p 
7zW&.
b .    u4p$&"¥p 	Lx
h  & n 
&z. b 
7zb\L
7zWFzW#)¥$.
$.#
{\$o 
7zW+$W+!
&"$ &
b	L"$$<.#<8=.  :$ep>8=.  :!  Lsp* 	%e$
Lp$&"¥p xep
7zW&.
* .    s^p&" p*#\x
VXWt]´plhgst] .  ¡fghjhoplhghji¡%stu+ni ]	:FeZ]°nWZ]PeZiqn~fgi5e±il¤³¤¥sZ¦\¦Sw§ux]\kl[]Se;n+fge;n~|istmS]\±fgen~WZ]´eZ]Sª;n
Fpq|pqkl|pqtWv¯
««­¬$®W¯	°#±#°
> ¥	 op § .-#+$  (,  $!,  §  ¢
0
0 2
31
20
3
2
1 3
0 2
1
À$fjklsZ|~]³.¡ ? e(¡WZfgn]5£p¤¥sZ¦\¦Sw"u]Sk5[]Se;n¡fgnW:il|]S| F£fge(kl|pwn~WZ]Zf²ª]\hju¡WZfrmW(i^eZilny2]ShjileZk
ni
n~WZ]u]Skl[]\e5nyZsZn¡WZfjmW´pl|]mi5e5npqfjeZ]\(fje(n~WZ]y2ilsZetZfgeZk+hjfjeZ] q2rWt
.t  tby £5n~WZ]pqhjsZ] $| 
} fju
fjetfrmSpqn]0"i5e(n~WZ]Zfgª]ShruXiq¤$nWZ]d¤¥sZ¦\¦Sw(u]Sk5[]Se;n\¯
JLKJ  V	
­R*V V][=X!R
`:¹ba@c@d  d ½ecªh 	
iN+$.o!
&"_ {.$&.
 ¤ w¤$ N  § +$e+
+p 	!#"$ D !"! º
 ¹   ¹bc  ¼d ! ½ ¾ ¹ ¬¾  $ep.¢,k  
7zWA p$	o	
¢&-¨q2rsetou_tvwtx=y4#.oz
7zW
$&
{.$&
N +	b4
%q $-p .# $"%& '& ()&  & *    6 z.<&e q C	p  ½  c ¾ dc 	+
VXWt]
i5|~]\|oil¤p+¤¥sZ¦\¦Sw9u]Sk5[^]\e;ndpqhjhji¡uni:hjfg[fgn³n~WZ]n~WZfrm­;et]\u~u³il¤ nWZ]frumS|]Sn]^hgfjeZ]
¤¥|~pl[fgeZk"nWZ]
q« mSileZet]\m.n~]\:ux]0z;sZ]SetmS]iq¤Fi5fge;n~uiq¤$nWZ]¤¥st¦S¦Sw:ux]\kl[]Se;noplet·£tui+ilfjeZkt£ZniKmi5e;n|~ilh2nWZ]hg]\eZkqn~W:il¤
5]S|nfrmSplhDun~]Stuiq¤n~WZ]"y2ilsZeFfgetk9hgfjeZ]¯ ? e il|]S|niPy2]"|~]\p5uxi5etpqythgwPmShgi;ux]Kni´n~WZ]"2ilfje;n~uil¤nWZ]
¤¥st¦S¦Sw(ux]\kl[]Se;n\£¡]dfge;n|~istmS]d[i5|]d|]0un~|frm.n~fg5]dmSiletZf²n~fgi5etuni^nWZ]Zfju~m|~]n~]³hjfget]d¡fgnW:n~WZ]eZiqn~fgi5e
il¤$uxn|~fjmnhjw"y2ilsZeFfgetk^hjfjeZ]plu]:teZ]0(Wt]S|~]\p¤ n~]S|0¯
`:¹ba@c@d  d ½ecgf-,(' 
+%F+*)o),	 ¨.
wz._p  Wn $-p(zW$	%
&z.% 		+¨&.
	#"$$
T  t/.   n q2rst+u_tNvwtNx=y o!ep&b4¢&e( n q %e$+p \S d l º  ½  c ¾ dc 	$+  2
 q{._+#+#
+$+
 
7zT++$.&TC{.$&
%&
&z.&
#"_   t0.e   n
1 +$
&W$
 +_#
 e$+.&b%{.$&.
L$-p4e¥{ {.	%+.&b{.$&
FN q 
2 3 4 	5§' :))* 
	
6N]^Z|]0ux]\e;n³fjePn~WZfjuu]\mnfjilep"|]0uxsth²n¡WZfrmWpqhjhji¡uni°mi5e;n|~ilhnWZ]^kl|~i¡XnW9il¤p+¤¥st¦S¦Swux]\kl[]Se;n\¯
VXWt]^t|i5yZhg]\[¢fjup5u³¤¥ilhjhgi¡u ¡ohj]n  yF]Kp"¤¥sZ¦S¦\wPu]Skl[]\e5n¡WZi;ux]^il|]S|fru/t£¡WZi5u]
fje;n]\|pqhi5e
n~WZ]+ª pªfjufju   t0.   £pqetNhj]n q2rsetou_tvwtx=y y2]"p´uxn|~fjmnhjwPy2ilsZetZfgeZkPhgfjeZ]+¤¥i5|  ¯°VXWZ]K2ilfje5n) £Xmi5eZeZ]0m.n]0±ni  £X¡WZi;ux]´pqyFumSfju~up | + fru+]\z;stplhXni . il| .  £fju"plZ]0±ni  ¯Z?unWZ]
hjfjeZ] q2rsetou_tvwtx=y uxn|~fjmnhjw°yFi5sZetfjeZkK¤¥i5| 87N) plet°fg¤DeZiqn0£FWti¡Om\pqe9¡]]Sn]\|[fjeZ]
pKuxn|~frm.nhjw
y2ilstetfjeZkhgfjeZ]:9° uxi5hgsn~fgi5efju k5fg5]SeyEwn~WZ]XnWZ]\il|~]S[µWZ]S|~]\pq¤ n]S| ¡Wti5u]Z|fjetmSfgZhj]frunWZ]¤¥ilhjhgi¡fjeZkt¯
V¡im\plu]\uXpq|~]Fi;uufjyZhg]*¡
 ) 2q £Zfje:nWtpqnomSp5ux] q fjuuxn|~frm.nhjw"y2ilstetfjeZk^¤¥il| ;7 ) £
 ) 2q £Zhj]nXstuusZZ2i5u]on~Wtpn .!r0)yv(x 1 uw;[[]n~|frmSplh·mSplu]ofg¤ .!r	)yFv 6£ ) fruDn~WZ]Se
hgim\pn]0°sZet]\|on~WZ]hji¡]\|hj]\pqetfgeZk"hgfjeZ]il¤ q £tn~WZ]fr]0pKmi5etuxfruxn~ufje°nWtfjm­5]SeZfjeZkKfg¤}eZ]\mS]\u~upl|w
UWV@«XUZY
 	

	
 !#"$#%&
('*)+),( -.
 
)
 
)
 

 O$<
"!
 $
 O !
<
À$fjklsZ|~]o¡ ³e"nWZ]dhj]¤ nXWtpqet(uxfr]5£Ep¤¥sZ¦S¦\wKux]\kl[]Se;n  ¡WZi;ux]³il|]S|fjudl£;n~WZ]³hjfjeZ] q r!t Wt  !t  by
fru+uxn|~fjmnhjw¬y2ilsZetZfgeZk plet§¡]´plt®n~WZ]´Fi5fge;n )r   t y ni fgn\£ .Cr0)y    ¯ < fjun~WZ]´2ilfje5n
¤¥|~il[ nWZ]fje5n~]S|~pqh   t   uxstmW(nWFpn .Cr<y  ¯ ³e(nWZ]|~fjklW;nWtpqet:ufj]5£EnWZ]hjfjeZ] q Or
Wt!t  !t  y
uxn|~frm.nhjw+y2ilsZetZfgeZk
¤¥il|  7
	 ) ¡WZi5u]duhjil2]³fruXmSpqhrmsthjpqn]\K¤¥|i5[ nWZ]dl]0m.n~il| <T) £fge(yZhjp5m­nWZ]
2ilfje;n~uXil¤ 7	 ) pqet:fje°¡WZf²n~]nWZ]2ilfje;n~uXil¤ q O ¡WZfjmW°i+eZilnyF]\hgi5eZk^ni 7	 ) ¯
nWZ]hjfgeZ] q uinWFpnn~WZ]hgi¡]S|vhj]\pleZfjeZkohjfget]Dfruvn~WZ]hjfjeZ]D¡WZi;ux]D]\z;stpn~fgi5efru sb| u+}  .!r0)y_  £
nWZ]\e´ni"n~pl­l]pluoeZ]S¡ uhgi5F]nWZ]ileZ]i5yn~plfget]\:¤¥|~il[ nWZ]l]\mni5| 	<T) ¡f²n~W < nWZ]Fi5fge;n³il¤
nWZfruhjfgeZ]^¡WZi;ux]^pqytu~mfruu~p+5]S|~f<:t]0u |@?(  tou  B £2nWt]
n~WZfrm­;et]\u~uoil¤}nWZfrudeZ]S¡!hgfjeZ]^¡fghjh yF]
mSplhjmSsZhjpqn]0¤¥|i5[!n~WZ]dhjp5unsZZ2]S|hg]0pqeZfjeZk2ilfje;niq¤ q Z|~]\u]Se;nDfje  17ux]\]ofjhghjstuxn|pn]0KÀ$fgk5sZ|~]
b6¯$VXWZ]X5]\m.n~il| 	<T) fru mSplhjmSsZhjpqn]0¤¥|~il[ n~WZ]uxWZfg¤ n}l]0m.n~il|uil¤ q 1 u]S]]Sn~pqfjhrufje]S[+pq|~­K_ 6.¯
VXWt]KZ|~fgetmSfgthg]+stu]\ Wt]S|~]+fju
fQ]S|~]Se;n¤¥|~il[ nWZ]"ileZ]+il¤XeFpqfjl]+hjfgeZ]0u|~]\mi5kleZfgnfjile©3 _5 £$fjet]\]\·£pn
]0plmWun~]Sv£lnWZ]³uxhjil2]iq¤2nWZ]y2ilstetfjeZkhgfjeZ][+pwmWFpqeZk5]ytsnDfgn~un~WZfjm­EeZ]0uu$n~iEit¯´il|~]Si5]S|0£pqhjhnWZ]
2ilfje;n~uXil¤nWt]hgfjeZ]fje(n~WZ]mi5etuxfr]\|]0"fje;n]S|~pqhvieZilneZ]\mS]\u~upl|fjhgw+y2]Shjiletk
n~i^nWZ]¤¥sZ¦\¦Sw:ux]\kl[]Se;n\¯
6 Wt]SeKn~WZ]plZ]0+2ilfje5n ) fru³S«6]SªEn]S|~fjil| n~i q £;n~WZ]on~WZfrm­l]SetfgeZk^un~]S:iE]\ueZiqn]ªfjuxn\£;n~WZ]³2ilfje;nil¤
n~WZ]:t|un2]S|~fgi+n~iyF]mSiletufjZ]S|~]\¤¥i5|XnWZ]mSplhjmSsZhrpnfjile(iq¤nWZ]eZ]\¡ uhgi5F]frui5e"n~WZ]hgi¡]S|Xhj]\pleZfgetk
hjfjeZ]iq¤ q ¯
  ¹E½  ¹  fef ' 
 T%+$.#p  +*)+),	
 z._&.
	#"$$ $
&z.J: B:*T  t0.-   n
q rsetou_tvwtx=y(4+
#
¢, o!ep&b ¢&-  +#^
7zT+_(
7zW¨$p*	© .   ' 
#)r7| + t} + y(+
 &
b	={.$&.
L+$e+	
+p
 z._¨ 		+ +~	. 
 .\.-  
ry +7ªv^.!r	)yFv x n 
&z.	 ) 2q 
;7 ) \+*)o),¨.
z._¨$p*	% .  w&
7z(q $#
#	
¢,4+$!-p$&T ¢&- 
ry +7 .!r0)yLvA  n 
&z.	 ;:*
#$%
CqA
 7 )  %+*)+),4 ¨.
 z._ $p*	 .  $-pA
&z.¢&-Cq Ors Otou OtvXOtNx O y¨(#
#
¢,+$!ep&b n w&
7z
 u O$-p s O¨o¥$op$&e
	A
7zW "$o
$ 	W.WWW< % + *   ) n < % + *  +&b
&z.¨{.$&
z._o	$&-p  .Tr	)y]  w&
&z b$p 
q $-p%|P? "!$#  #"   t+u= B n
 vXO  s O| + ku O} +
««­¬$®W¯	°#±#°
 ¥	 op § .-#+$  (,  $!,  §  ¢
 x O  s O<| $  u O} $  vXO  n w&
&z $ r7| $  tN} $  y _#
 $+$.&T {W&.
%
7zW
<&e q{e		
=& w
 $+$"$ n 
7zWNz! +
="$+	
$+NFq OF$ 2 TO  ru O!u_tos OW^s!y]     ru Ots O y$-p
 TO  ru_tosTy@     ru Ots Oy
r y +7 .!r0)y+v4x n 
7zW  ;: 
#$%
Cq 
 7
	) CL+*)+),( 	
 zW$	$p*	%<.  $-p¨
&z.%¢&-Fq Ors Otou OtvXOtNx O yC#
#
¢,+$!ep&b4w&
&z
 u O$-p s O¨o¥$op$&e
	 A
7zW "_+
 	WW.W.<  % + *  ) n < % + *  o&b
7zW({.$&
z._o	$&-p  .Tr	)y   w&
&z b$p 
q $-p%| ? "!$# %'"    tou   n
 vXO  s O| !   Zu O<} !   w&
7z $ r7| !   t} !   y $+
¥{*{W +.&b {.$&
N 
7zW¢&-2q
{-		.
=&  n
 x O  s O| + u O} + ^vXOb  
 $+$"$ n 
7zWNz! +
="$+	
$+NFq OF$ 2 TO  ru_tosTy@     ru Ots Oy$-p
 9O  ru OWku_tos O!^s!y]     ru Ots Oy
	(¹ ® * fL
* +	
&z.+_	& Q$-p&& Qk
7zWB
&z.o n 
&z.B-	­#+{W+	! $
op +$ "$o
$+WWWW.< % + *  ) $ep 	WWWW< % + *  ) 6 z.$! _
 
7zWzT +
F"$+	
$+NLq n 
&z.	,2+k+"_#,2+_#&¢,A+$ § $
op2_ 	$& $ 2
WWWW.< % + *  )   $
!  $ %% %'"  ru_tos!y     $ep 	W.W.W< % + *  )   $
!  $ %%	  '"  ru$ts!y]    

   zW .!r	)y  v  n 
&z.{.$&.
 ) +  ¢,:*
	#
q ep2
&z.\{W&.
 < % + *  
7zW1+#
@¥{*{W+$.&T{.$&.
 
&z.C¢&eFq &A
7zWC&
#"$$   t0.b    h \	& n zW .!r	)y  v x n

7zW {W&.
) +  ¢, :*
	#
q $-p¨
&z.{W&.
<  % + *  
&z. 1 +#
w	C+.&b{W&.
=N
7zW¢&-Lq &
&z.&
#"$$   t/.   
  h p p$&TB4{.$&.
) 
k(+*)+), .

7zWT $2

&z. 
&z.o 34{.	#(&
4
k*	
$&
#
#
<,4o!ep&b4¢&e(	!
=
&z!$e%e
F¢$,_
7zW(	 _##
 

&z.F{.$&
+ 7	)T
4  ½v½@D½@D ! ¹ ! ¹E½  ¹ 
6N]
uWtplhghileZhjw:Z]S[iletuxn|pn~]2ilfje5n r  y pluoFi5fge;n ry fruilyEEfjilstuplet´2ilfje;n r y uwE[^[]Sn|~fjm\pqhil¤
m\plu] r y ¯
VXWt]Z]S[iletuxn|pn~fgi5e(|~]\z;sZfj|~]\unWZ]|~]\usZhgn]\u~m|~fgy2]\(WZ]\|]0p¤ n]\|1¥Z¯_5iq¤F3 5&6¯
UWV@«XUZY
 	

	
 !#"$#%&
('*)+),( -.
 
  O

  0 <

À$fgk5sZ|]8W¡
¹  ® f"&(' 
< + 4{.$&
w&
&z&
b	+ p$&-$
# n    ru$ts!y$-p    Oru Ots O y 
^"$o
$+
w&
7zB&.
b2+ p$&-$
#;+7s!u O s Ou   n 
7zW2&.
#$ N 
7zW{.$&	  $ <  zW"<     ep  <     O +$
&W%e{W&.
 w&
&z &.
*o¥$op$&e
	
4  ½v½@D½@D ! ¹  ¹  ¬
 2ilfje;n 0 r7|]t}Wy fgetufr]dnWZ]tpl|~plhghj]Shjilk5|~pl[µfruXhgim\pn]0"y2]n¡]S]\e(y2iqn~W(hjfjeZ]\u r0< y pqet r  y 1 u]S]
À$fjklsZ|~]8*6.£;f²nfg[Zhjfg]0u}n~WtpnnWZ]dpqeZk5hg]0u r  <Lt  < 0 y plet r     t  0 y £;pletnWt]S|~]¤¥il|~]n~WZ]Sfj|ufgeEstu\£Epq|~]
¡fgnW°i5ZFi;uxfgn]ufgk5etu\¯@? nfruX]\z;sZfjpqhj]Se;nni




u O |4| ?
s O }} ? 




u O | | ? ku
s O }^} ? ks    £
n~WEstu ru Or}^}? y ks Or7|4|@?yNyru Or7}}%? y ^s Or7| ^|P?=y rs!u OWks O u	yy   ¯
? ¤ s!u O  s O u  £q¡]i5yn~plfge£lyEw
m\pqhjhgfjeZk n~WZ]]ªZ|~]\u~ufgi5e u Or7}F}?wyW s Or7||P?y £	 r    y   £
¡WtfjmWfj[Zhgfj]\u
   pqet     ¯MsZnf²n$fjuvfg[2i5u~uxfjyZhj] niWFpl]  ©u Or} }?wy	s Or7|@ |@?yF 
¡fgnW:ª(plet:wKy2]SfjeZk+fge;n~]Skl]\|plu s O £ u O £ |P? £ }? pq|~]fge;n~]Skl]\|Xy;w(WEw;2iqn~WZ]\ufruS¯	
17p*6
Àfj|un~hgw hj]nstu^Z|~il]Kn~Wtpn+pqhjhXFi5fge;nu
il¤  7 	 ) yF]\hgi5eZk9n~i q O ¯®Àtil|
nWZfruS£¡](ileZhjw
WFpl]³niZ|~il]n~Wtpnoplhgh·2ilfje;n~uXil¤ 7 	) pl|]dhjiEm\pn~]\(yF]Sn¡]\]Se:yFilnW°hg]0pqeZfjeZk^hgfjeZ]0uiq¤ q O £tf7¯ ]l¯
y2]n¡]S]\e^nWZ]hjfjeZ]XnWZ|~ilstklW ) ¡Wti5u][plfge5]\m.n~il| fru .WWWW< % + *  )  ru Ots O y nWtpqnD¡]  hjhtm\pqhjh  O$ pqeFn~WZ]hjfgeZ]n~WZ|~ilsZk5W  $ ¡f²n~W:nWZ]u~pq[][+pqfje:5]\mnil|Xetpl[]\  O ! ¯Mw´hjiEil­Efgetk(pnÀ$fgk5sZ|~]>Z£·¡]mSpqeNux]\]n~Wtpndn¡iKn|~frpqeZk5hg]0uo[
stuny2]^uxnsFfg]0P[i5|]
Z|]0mfrux]\hgw5£QnWZ]
i5eZ]mil[fjeZk(¤¥|i5[ nWZ]2ilfje5n  $®pqetPnWt]^ilnWZ]\|mil[fjeZk(¤¥|i5[ nWZ]2ilfje5n  £fge;n]\|~u]\mnfjile9il¤  O$
¡fgnW:n~WZ]hgi¡]S|Xhj]\pleZfgetk^hjfjeZ]iq¤ q £Zetpl[^]0 $¯
Â]nstumi5etufj]\|on~WZ]^n|~fjpleZklhj]  $  O £  y2]SfjeZk(nWZ]2ilfje5n¡WZi;ux]^pqytu~mfru~up"fju | + ile9n~WZ]sZZ2]S|
hj]\pleZfjeZkhjfget]³il¤ q 1¥eFpq[]\ !w6pqeF  O nWZ]d2ilfje5nX¡WZi;ux]dpqytu~mfruu~pfru | + ile+n~WZ]dhgfjeZ]- O! ¡WZfjmW"fju
n~WZ]stZF]\|³hj]\pleZfjeZkKhjfgeZ]
iq¤ q O ¯6N][
stundl]\|fg¤¥w"n~Wtpn³nWZ]\|]
fjuoeZi"2ilfje;noiq¤  mile;npqfjeZ]\°fjetufj]
n~WZ]dn|~fjpleZklhj]  $  O ilnWZ]\|n~Wtpqe(nWti5u]³hjimSpn~]\(ile"nWZ]hjfgeZ]/ O! ¯}VXWZ]\|]dfjuXeti
2ilfje;nXil¤  ile(nWZ]
hjfjeZ]T !®iqn~WZ]S|Xn~Wtpqe  $9y2]\mSplstu]  $9fruS£yEw(W;wE2iqn~WZ]\ufju\£EnWt]hjp5unsZZ2]S|ohg]0pqeZfjeZkFi5fge;niq¤ q ¯
Â]nstuuWZi¡ nWtpqn sTu O!^s Ou ª 1 6#¡
sTu OWks Ou  s-r7|,+I^|P? "!$# %'" y r}%+^}? ! # %'" yu
 rs*| + u+} + y ©rsb| ?  "!$# %'" u+} ?  "!$# %'" y
 .!r0)ywr.Tr	)yw  y 
««­¬$®W¯	°#±#°
0 ¥	 op § .-#+$  (,  $!,  §  ¢
 


	




 
  





 
  
 
  
À$fgk5sZ|]%>.¡
m\mi5|~fjeZkonidhg]\[^[+pt£nWZ]\|]Xfru$eZi³2ilfje;n ¡WZi5u]mSiEil|fgeFpn]0upl|]fje5n~]Sk5]S|$fgetufr]nWZ]Xtpl|~plhghj]Shjilk5|~pl[
¡Wti5u]il|~fjklfje9fju  $ kl]\eZ]S|pn~]\´yEw°yFilnWNl]0m.ni5|~u   pqet   O ¯VXWZ]+pqytu~mfru~up+il¤}nWt]^5]S|n]Sª°il¤}nWtfju
Fpq|pqhjhg]\hgi5kl|pq[ ¡WZfjmW iE]0ueZiqny2]ShjileZk:niN"! pqet O! fru | !    uF u O ¯;i¡]S5]S|¡]Wtp5]l£·yEw
Z]	:teZfgnfjile(iq¤ u O £ u O  |@+ |@?  "!$# %'" |,+ u £ZpqetKnWZ]\|]S¤¥il|~] | !   ku]ku O |,+ ¯VXWtfjul]\|xn~]ª
Zi;]0u}eZilnDy2]ShjileZkn~in~WZ]³u]Sk5[^]\e;n  ¯ ? nDfrup¤¥i5|xn~fgi5|fZn|~sZ]¤¥i5| nWZ]³l]\|xn~fjmS]\u\£l¡WZfrmW"ietiqnDy2]ShjileZk
n~i+nWt]hjfgeZ]0u ! pqet  O ! £2iq¤ n~WZ]tpl|~plhghj]Shjilk5|~pl[+uZ]\stmS]\:¤¥|~il[ nWZ]
Z|~]SEfgi5stui5eZ]yEw:ustm\m]\u~ufg5]
n~|~pletuhjpqnfjiletuyEwKl]0m.n~il|   il|   O £tFi;uufgythgwKet]\m]0uu~pq|~wni+mSil]S|n~WZ]n|~fjpleZklhj]  $  O ¯
Àtil|·n~WZ]}2ilfje;n~uvil¤  ¡WZfjmWpl|]}mShgi;ux]n~inWt]}il|~fgk5fge£\fgnfrumhj]\pl|·nWFpnfjenWZ]mSp5ux] ¡WZ]\|]n~WZ]plytu~mfruu~p
il¤  fjuDeZ]Sk;pnfjl]5£qn~WZ]2ilfje5nu}il¤  pq|~]pqy2il]  $:p5unWt]SwyF]\hgi5eZkni q £Epqet^n~WZ]S|~]¤¥i5|]plyFi5]  O$ ¯
? eKnWZ]diqn~WZ]S|XmSp5ux]5£5¡]³mSiletufjZ]S|}n~WZ]³n|~fjpleZklhj] "!#!JO ¡WZ]\|] ! pqet !O pl|]onWZ]dFi5fge;nuDfje;n]S|u]\m.n~fgi5e
il¤ nWZ]pªfru$ } ¡fgnW%$®plet  O$ ¯VXWZfjuon|~frpqeZk5hg]frumi5e5npqfjeZ]\°fjetufjZ]n~WZ]n~|frpqetklhj]]Shjfj[^fgn]09yEw
n~WZ]hjfgeZ]  O$ £qn~WZ]pªfru%$ } plet
nWZ]tpl|~plhghj]ShEn~i/%$"nWZ|~ilstklW <  % + *  1 fge+k5|~pwi5e^À$fjklsZ|~]L>*6¯$³u ¡]Zfj:¤¥i5|nWt]n|~frpqeZk5hg]  $  O £2¡]mSple9mil]\|XnWZfruon|~fjpleZklhj]yEw"n~WZ]tpl|~plhghj]Shjilk5|~pl[ ¡WZi5u]i5|fjklfje°fju< % + *  kl]\eZ]S|pn~]\"y;w"yFilnW:l]\mni5|~u    pqet    O plet"i5eZ]il|u]Sl]\|~plhFFpq|pqhjhg]\hgi5kl|pq[+u ilyZn~pqfjeZ]0yEw:uxstm\m]0uufg5]n|pqetuhrpnfjileFuXy;w(l]0m.ni5|    O ¯XVXWZ]2ilfje5nuil¤  pl|]eZ]0m]0uu~pq|~fghjw"uil[]l]\|xn~fjmS]\uil¤
n~WZ]\u]Ktpl|~plhghj]Shjilk5|~pl[+uS¯°VXWZi5u]Ki5eZ]\u¡WZfjmW y2]Shjiletk´ni O$ pqhrui9yF]\hgi5eZk´n~i q O ¯PVXWZ](iqnWt]S|i5eZ]\u
WFpl]p
et]Sk5pqnfjl]pqyFumSfju~up
y2]\mSplstu] |@?  "!$# %'" fjuXhj]\u~unWtple u ¯
1 y6 ¿ ]0mi5ethjwl£;hg]SnstuDZ|i5]XnWtpqn q O fjuuxn|~fjmnhjw
y2ilsZeFfgetk¤¥il|  7 	 ) ¯>Mw^mSiletuxn|~stmnfjile q O
WFplu·fje  7$	) phji¡]\|·hg]0pqeZfjeZk2ilfje5n0£0nWZ]}2ilfje;n ) £pqetplesZZ2]S|hj]\pleZfjeZkFi5fge;n0£\n~WZ]}2ilfje;n  $ ¯
VXWt]XnWZfj|~
hj]\pqetfgeZk2ilfje;n}fjun~WZ]2ilfje5n < % + *  ¡WZfrmW+iE]\ueZiln}eZ]\mS]\u~upl|fjhjwyF]\hgi5eZkdni 7 	 ) ¯
UWV@«XUZY
 	

	
 !#"$#%&
('*)+),( -.
 5
17m 6À$fjetpqhjhjwl£$hg]SnstuZ|~il]^n~Wtpn  9O  ru Ou_tos O-s!y 7    ru Ots Oy ¯°Âv]Sn  pqet  y2]+n¡i2ilfje;n~uXil¤ q O uxstmW(nWFpn    ru OWu_tos OW^s!y]     ru Ots O y ¯}VXWZ]Se£. Or y . Ory  s O|  ku O} ¨©rs O |ku O}y
 s Oru O.kuw     u O y@u Ors OWks
   s Oy  s O uwBs!u O  £n~Wtpqet­Eun~i16 9il|~]Sil]\|\£ |    u O  u     u O ¯³uy"pqetKy pq|~]kl|~]\pqn]S|DnWtple(
pqet 
   
  £  |
	  ©u O ¯
Ãi5etu]\z;sZ]Se;n~hgw5£   
 /O ¯
VXWt]dt|iEiq¤$iq¤$¤¥il|~[sZhrp¤¥il|  TO fruuxfj[fghrpq|0¯	
VXWZfru$nWt]Sil|~]S[!¡fghjhZpqhjhgi¡¬stu$ni]n~]S|~[fgeZ]ple
fjetm|~]S[]\e5npqhpqeF
plhgk5il|~f²n~WZ[O¤¥il|$nWt]|~]\mSilk5eZf²n~fgi5e
il¤op´klfjl]\e ¤¥sZ¦S¦\w ux]\kl[]Se;n^pletNniN]\Zstm]:pPpqhjkli5|fgnWt[ ¤¥i5|nWt](u]Skl[]\e5npn~fgi5e iq¤o« mi5eZeZ]0m.n]0
mSsZ|~l]\ufje;ni^¤¥sZ¦S¦\w(u]Sk5[^]\e;n~u\¯VXWt]\u]plhgk5il|~f²n~WZ[+uXpq|~]dt|]0ux]\e5n~]\(fge:n~WZ]eZ]ªEnu]\m.n~fgi5ev¯

  
		S $.	 5: t(:D	    "$# 
	
 ())* 
	
\KNM b[\S-UWV  V[XwYUWV]S =[\PXWP[ 
 RbV   V[XPX U\V U PN[ X\V
! U.R*X"LSeX [=X
Â]n#y2]Xp³|~]\pqhEeEsZ[
yF]\|\£n~WZ]pqhjklil|~fgnWZ[ WZ]\|]0p¤ n~]S|pqetplhgwu]\upqe^« mileteZ]\mn]\
ux]0z;sZ]SetmS]$# iq¤FZf²ª]\hju
hjimSpqn]\°fje´n~WZ]:t|uxn³im.npqe;n³pqeF´]n~]S|~[^fjeZ]0uofg¤%# fru³p¤¥st¦S¦Sw´u]Sk5[^]\e;no¡f²n~W9il|]\|t¯´il|~]Si5]S|0£
fje:nWtpqnmSplu]l£En~WZ]mWtpl|~p5m.n]\|fruxnfrmSu s £ u £ v plet x il¤$pun~|frm.n~hgw(yFi5sZetfjeZkhjfgeZ]pl|]m\pqhrmsZhrpn~]\·¯QplmW"2ilfje;n ) iq¤#!fjuXpqeFpqhjw;¦\]\Kplet"p5Z]0+ni
nWt]mSsZ|~|]\e5nXux]\kl[]Se;npqetKnWZ]mWtpl|~p5m.n]\|fruxnfrmSu s £
u £ v pqet x iq¤ pKun~|frm.n~hgw(yFi5sZetfjeZk+hjfget]iq¤$nWZfruou]Sk5[]Se;nomSple:2i5u~ufgyZhjw"mWtpleZkl]p5mSmSil|fgetkn~i+nWZ]
n~WZ]Si5|]\[ iq¤nWZ]t|]\;fjilsFuux]0m.nfjile¯
nd]\p5mW°uxn]\v£2nWZ]
pqhjsZ] .  fjuo]Spqhjstpqn]\´plet´fg¤}f²ndfjuokl|~]\pqn]S|nWtple t£FnWt]|~]\mi5kleZfgnfjile´uxni5tuS¯#
fru³eZiqnp¤¥sZ¦S¦\w´ux]\kl[]Se;no¡WZi;ux]
¡][pw°mSplhjmSsZhrpn]nWZ]^un~|frm.n~hgw°y2ilsZeFfgetk"hjfgeZ]^plm\mil|fjeZkni"nWZ]
n~WZ]Si5|]\[°¯
 2½  d ! f ' *)+),¨ -.
  o+o&
 h  b$#&
7zT
+	${-!
 2 # $ § +$e+	
+p¨+~	.e+ {.$&
$-p  
&z.p $!
7zW#)¥op	$

7zW+*)+)	,¨ ¨.

&F!
<{e!
 2\2o¥$ o "$$¢. (' *),+ £ ).-0/ n
 	9  # C-$
L +*)+),¨ 	
w&
7z $op   *o+p$&T4

7zW
7zW+$

#.9 n & 
&z!o$s n u n vQepCx 
&z.+zW 
##
	
&z. +*)+),
 ¨.

+	.&
$¢
@2Fs Q n u  n x  u n v   n 1' *),+ £ ).-0/  / .   ) n )32
&z. 1++

{.$&
FN #¨n  $   $  )  r  t  y n     r  t  y n     r  t  y
¼  d  ¹4# %e
 .
&¢,¨o.-op2$-p (' *),+ £ ).-0/ ¾ ½
««­¬$®W¯	°#±#°
_ ¥	 op § .-#+$  (,  $!,  §  ¢
) 2e;:*
{.$&.
L # .  sb| + u+} + 
d0D .  v  ¹Tc  $  )  ¹Tc ¾ dD
d0D .  v4x^   ¹Tc  $  )  ¹Tc ¾ dD
d0D .(vA  ! ¹Tc
s   s  u 	  u  v
 	  v  x 	  x 
s   $ !  $ %%  %'"   s  	 B}    %'" 
u   $ !  $ %% %'"   u   B|    %'" v  sb|,+Iu+}%+ 
x  sb| $   u+} $   ^v4  
 $  )  {W$o#¥{Wp*$
N  $     ru=u        u$tsks  	      s!y     ru  	 6    u_ts  	      s!y ¹bc ¾ dD
d0D .v4x ! ¹bc
s    s  u  	  u  v  	  v  x  	  x 
s   $ !  $ % %	  '"   s 	 B}    '" 
u   $ !  $ %%   '"   u 	 |     '" v  sb| !   u+} !   
x  sb| + u+} + ^v   
 $  )  {W$o#¥{Wp*$
N  $    ru 	 6    u_tos 	     sTy     ru=u  	      u_tosks  	     s!y ¹Tc ¾ d0D
(' *),+ £ ).-0/ 2 .    
¹Tc ¾ ¼  d  ¹
	(¹ ® * f 5h 4¥{Wp*$
N  $@n &2
7zWC+_ .vC  n Le++	o#, L{W&.
w\
&z. -	B $
 o.&T ¢&e(z._ 		+ \| $    8Wu_t   8   $         n +$T$
2
7zW 	
 n o++$T
 $ (T#
\$¢,_ +¨
7zW_#
\ $( o.&T{W&.
C(
&z.(	
 +#
\#&& $ 	$  $ &B
7zW
+$	.v4kx
oe ]ªZpq[Zhj]+iq¤Xn~WZ]"pqhjkli5|fgnWt[ Z|~im]\u~ufgeZk°fruZ|~]\u]Se;n~]\ pn
À$fjklsZ|~](E¯´VXWZ]+|~]\mSilk5eZf²n~fgi5e iq¤XnWZ]
¤¥st¦S¦Swu]Sk5[]Se;n¡WZi;ux]il|]S|fju    pqet¡WZi5u]uxn|~fjmnhjwyFi5sZetfjeZkdhgfjeZ]fju q2r!t * t  !t  by |~]\z;sZfj|]0
uxn]\tuDZsZ|fjeZk¡WZfrmWnWt]omWtpq|plmn]\|frun~fjm\u$iq¤vpun~|frm.n~hgw^y2ilsZetZfgeZkhgfjeZ]Wtp5]XyF]\]SeKmSplhjmSsZhrpn]0·¯ ³e
n~WZ] :FklsZ|~]l£n~WZ]NZf²ª]\hju:pq|~]9¡]SfjklW;n]0 yEw±n~WZ]N|]\[plfgeF]S|(plhgst]plu:p ¤¥sZeFm.nfjile iq¤n~WZ]uxn|~frm.nhjw
y2ilstetfjeZkhgfjeZ]iq¤$nWt]msZ|~|]\e;nXu]Sk5[^]\e;n\¯
nonWZ]
yF]\klfjeZeZfjeZkKiq¤n~WZ]|~]\mi5kleZfgnfjile£nWZ]^ux]\kl[]Se;nfruople´]ªZplmnoux]\kl[]Se;noil¤ pKetpqfjl]hjfget]¡WZfrmW
frupuxn|~frmhjw yFi5sZetfjeZk hgfjeZ]:iq¤³nWZfru+ux]\kl[]Se;n0¯¬VXWZ]:fge;n|~istmnfjile¬il¤dpNun~|i5eZklhjw ]ªEn]\|fjil|^2ilfje5n
UWV@«XUZY
 	

	
 !#"$#%&
('*)+),( -.
 0
0 0 0
−1
0 1 2
0−1
0 1 2
1
0 1 2
1 2
21
 −2
2
3
q  n~i q  r  t/Wt  t;
*y
 

 
 
     
q  r  t  t  t  y ni q  r  t
.t  t;
*y

   	 
     
q  ni q   r!t   t !t  Ty
À$fgk5sZ|]!¡
mWFpqeZk5]\u³nWtpqnunpn]5£vn~WZ]Kux]\kl[]Se;nfrueZi°hgi5eZkl]\|d]SªZplm.n0£fgniE]\ueZi´hjileZk5]S|mi5e;n~pqfjeplhghDFi5fge;n~uil¤
n~WZ]frumS|]Sn]y2ilsZetZfgeZkhjfget]ile(nWZ]mSiletufjZ]S|~]\(fge;n]\|plh7¯
\KJ 
 wY % U.PX    UQRYPXTXWPN[ w[$S[\[\V]SeX!V  S
\UVP[X 
 RbV 
 V][=XWR PX  U V U 
VXWt]n~WZ]Si5|]\[ il¤ ¿ ]0m.nfjileN(plet´n~WZ]pqhjklil|~fgnWZ[ iq¤DnWZ]Z|~]SEfjilstuotpq|pqk5|~plZW9pq|~]stu]\9ni°uxthgfgnp
mSsZ|~l]Pfge;n~iq« mSileZet]\m.n~]\K¤¥sZ¦S¦\w"ux]\kl[]Se;nu¡fgnW´p:Zª]\(il|]\| F¯}VXWZ]mst|5]PfruXfjetm|~]S[]Se;npqhjhgw
u~mSpleZeZ]0·£]0plmW 2ilfje5n
fju¡pqn~mWZ]0·¯´Âv]n  yF]"nWZ]"mSsZ|~|]\e5n¤¥sZ¦S¦\wNu]Sk5[^]\e;n\£nWZ]K2ilfje;n ) iq¤
fruKp5Z]\±n~i  y;wp Z|~im]\ZsZ|] "!$#&%'+¡WZfjmW2i5u~uxfjyZhjw±mWtpleZkl]0u^nWZ]mWtpq|plmn]S|~frun~fjm\u
il¤
n~WZ](uxn|~frm.nhjwNyFi5sZetfjeZkPhjfjeZ]Kiq¤  7 ) 1 p5mSmi5|~ZfgeZk°n~i´nWt]KnWt]Sil|~]S[ iq¤n~WZ]"t|]\;fjilsFuux]0m.n~fgi5e6.¯
m\mi5|~fjeZkPniNnWZ]°i5yn~plfgeZ]0®|pn~fgi .# $ % & '& ()&  & * £DnWZ]9mSsZ|~|]\e5nux]\kl[]Se;n+iE]\ui5|^etiqn+fgeFmhjst]:nWZ]2ilfje;n ) ¯
 ? ¤ .# $"%& '& ()&  & *  F£ ) frudeZiqnfjetmhjst]09fjePn~WZ]^mSsZ|~|]\e5n³¤¥sZ¦S¦\wPu]Skl[]\e5n  £·n~WZfjudi5eZ]
]\etZupndnWZ]^Z|~]\]0m]0uuil| ) ( il¤ ) fje´nWt]mSsZ|~l] £QnWt]^uxn|~fjmnhjw°yFi5sZetfjeZk:hgfjeZ]^iq¤  WFplu³nWZ]
upl[]³mWtpl|~p5m.n]\|fruxnfrmSu pluDnWt]oilet]\u}i5yn~plfget]\+y2]¤¥i5|]onWZ]³Fi5fge;n ) ¡XpluplZZ]\·¯ et]S¡¤¥sZ¦\¦Sw
ux]\kl[]Se;nXnWt]Se´unpq|n~u\£Zmi5etuxfruxnfjeZkiq¤2ilfje;n~u )*( pqet ) ¯
 ? ¤ .# $"%& '& ()&  & *  F£ ) frufjetmShgstZ]\
fge;ni  £  y2]\mi5[]\u  7 	) pletn~WZ]XmWtpq|plmn]S|~frun~fjm\uiq¤f²nuuxn|~fjmnhjwKyFi5sZetfjeZkhjfgeZ]pl|]dn~WZ]hjp5unm\pqhrmsZhrpn~]\(ileZ]0uS¯
oeEwu~mSpqeteZfgetk:il¤n~WZ]"mSsZ|5][stuxnn~pl­l]+fje5n~i´plmSmSilsZe;nn~WZ]+Fi;uufjyZhg]KmWFpqeZk5fgeZk;udiq¤XiEmn~ple5nuS£f²n
fju
n~WZ]S|~]¤¥i5|][+pqetZpqni5|w³nidfgeFmhjst]fgenWZ]Xpqhjkli5|fgnWZ[ n~WZ]Z]n]0m.n~fgi5e
pqeFnWt][+pqeFpqkl]\[]Se;nil¤ZiEmn~ple5n
mWFpqeZk5fgeZk;uS¯ ¿ ]S5]S|pqh5uilhjsn~fgi5etupl|]Fi;uufjyZhg]5£¡]mWZi5u]}n~i³ipqhjhEmSpqhrmsthjpqnfjiletufgenWZ]=:t|unim.npqe;nyEw
mSiletufr]S|~fgetkn~WtpnXnWt]C:t|~uxnFi5fge;nil¤]\p5mW:u]Sk5[]Se;nfru r  t  y ¯ ÀZi5|]\p5mW(plt]\:2ilfje5n ) £¡]¡i5|­
¡fgnW+fgn~u 
$.&	#¨+p {.$&.
,),+ fgen~WZ] :t|uxnDim.n~ple;nDp¤ n]\|DWtpEfjeZkmWZ]0m­l]\
n~Wtpn ) y2]ShjileZk;u n~inWZ]
imn~pqe;niq¤$nWt]mSsZ|~|]\e5nu]Sk5[^]\e;n\¯ ? e:nWZ]plhgk5il|~f²n~WZ[ klfjl]\e(y2]Shji¡£EnWZ]-#/.10/#3245#6!1#Z|~iEmS]\st|]*¡
 n]0ununWt]pqhjfjfgnw"il¤n~WZ]2ilfje;n ) p5mSmSil|fgetkn~i+nWZ]imn~pqe;nil¤$n~WZ]mSsZ||~]Se;nu]Skl[]\e5n0£tpqeF
ux]Sn~u (' ws £ ) $-7 /s-0/ ninWt]plmSmSil|fjeZkpqhjsZ]5£
««­¬$®W¯	°#±#°
\ ¥	 op § .-#+$  (,  $!,  §  ¢
 Fi;uufjyZhgw³sZQZpn~]\u·n~WZ] eEsZ[y2]S|iq¤EnWZ] imn~pqe;nil¤5n~WZ]DmSsZ||~]Se;nvu]Skl[]\e5n1 pq|~fjplyZhg] 7 /s -0/ 0  e£ u ) .
iq¤$nWZ]plhgk5il|~f²n~WZ[ 6.¯
VXWt]¡pwKnWZ]
yFiEilhj]\ple°plhgst] ('  s £ ) $-7 /s -0/ frusZQZpqn]\9fge°n~WZ]Z|~im]\ZsZ|]-#/.10/#3245#6!1#]\F]\etZu
i5e"n~WZ]  ++{e
op p$&oo
$W iq¤ pux]\kl[]Se;nfge°pklfjl]\e"im.npqe;n\¯
6 Wt]Se n~WZ]"mst||~]Se;n
u]Sk5[^]\e;nWtplu]Se;nfj|]\hgwNy2]S]Se±um\pqeZeZ]0·£$¡]"mSil[Zsn~]Kn~WZ]+n|pqeFu¤¥i5|[]\ mWtpl|x«
p5m.n~]S|~fjuxnfrmSuil¤n~WZi5u]+ilynpqfjeZ]\fje nWZ]¨:t|uxniEmn~ple5n0£p5mSmi5|~ZfgeZk:n~i°nWZ]KmSsZ||~]Se;nim.npqe;n\£$yEw9stufgeZk
mSil[2i5uf²n~fgi5etuiq¤ uxwE[[]n|~fj]\uXiq¤frumS|]Sn]hgfjeZ]0u%3 >$56¯
 2½  d !    {e¢&

&b 4!#"_&.
 +*)+),¨ 	

+	${-!
 2  $  § +$.-+	
+p¨+~	.e+N {.$&.
$-p  
&z.$op $!
7zW#) +p	$%
7zW
+*)+),¨	 ¨.

&F!
<{e!
 2\ ¢#
w+*)+),¨	 ¨.
 n + +z 
&z.	 +	&T2p*1e+p4,&

.!+	N {W&.
 -]u <    -0/Cep4
&z.+zW 
##
	\setou_tvwtx#
#
<,
+$!-p$&b4¢&-
+	.&
$¢
@2  n s i n u ª n v Q n x  u n -]u <   	-0/  n ).-   -s-.'.) n
 7 /s -0/ 0  e£ u ) .   n 1' *),+ £ ).-0/  / .   ) n (' ws £ ) $-7 /s -0/  / .   ) n)2
&z. 1++
 {W&.
L  n  $   $  ) +  r  t  y n    r  t  y n    r  t   y
¼  d  ¹ ).-  ¾ ½
¼  d  ¹ (' *),+ £ ).-0/Cep (' ws £ ) $-7 /s-0/%$-p  ).-  ¾ ½
	
	 '  +{Np 
#(&e$
$k\+*)+)	,¨ ¨.
)  	  ) )32e;:*
{.$&.
L   ) + 2&¨ *¨ ) &
&z.#1++
F 
$.
 

##
 & 	
$
W)Z 
s    s  u  	  u  v  	  v  x  	  x d0D (' ws £ ) $-7 /s-0/ ! ¹Tc
*p p $&.
 ¥_W),+  		  -+e 
(' *),+ £ ).-0/ 2 .    
d0D (' *),+ £ ).-0/  ¹Tc -]u <    -0/  -]u <    -0/   ¹Tc ¾ dD
¹Tc ¾ d0D
).-  2  	
&o	¢,¨+$e+p 
¹Tc ¾ ¼  d  ¹
d0D (' *),+ £ ).-0/%$ep ('  s £ ) $-7 /s -0/  ¹Tc
	
	 6 zW$+
=	
&
 $
#)
h p p 

7zW=+*)o),¨.
 +zW 
	#)¥+pA	, -]u <    -0/%$-p n *o+p$&T4


7zW(	!#o	
 ¥	
$
 n 
7zW
o$W7	#¨+p4+zW 
	##
#N s n u n v n x 
¹ 7 ¹
	
	   p*p2 	
zT+zp ¥#-$
&
 $
*)
h p p 

7zW=+*)o),¨.
 +zW 
	#)¥+pA	, -]u <    -0/%$-p n *o+p$&T4


7zW(	!#o	
 ¥	
$
 n 
7zW
o$W7	#¨+p4+zW 
	##
#N s  	 n u  	 n v  	 n
UWV@«XUZY
 	

	
 !#"$#%&
('*)+),( -.
 _8
  


 
			 



  


À$fgk5sZ|].¡
x  	 d0D ep ! ¹Tc
	
	 6 zW$+
]{.$&.
L
&z.!#"_%	$
+p
h p p 

7zW=+*)o),¨.
 +zW 
	#)¥+pA	, -]u <    -0/   ep 
&z.

$.7	$#op +zW$o 
##
	 s   n u  n v i n x  
¹Tc ¾ d0D
¹Tc ¾ d0D
	
	 +	.&
$¢$
$.	$%
7zWe;:*
 	

s    u   v i  x  u  -]u <    -0/    7 /s -0/ 0  e£ u ) . Q (' *),+ £ ).-0/  / .   )  ('  s £ ) $-7 /s -0/  / .   )  )  )  	 
 $   $  ),+  r  t  y     r  t  y      r  t  y 
¹Tc ¾ ¼  d  ¹
	(¹ ® * f 
 6 z. 1 +#
 {.$&
N Ae+*)o), 	
 ¨
&z.$+
 {W&.
C(
&z.{-	"¥$T +*)+),
 ¨.

GJI     ¹^f (7' 
 TC+W#p C
&z.!#"_  &"$	 &2'< !  n $
7zW+
 zW$-p¨#p  n +$ 	+

7zW ¨.
$
$ 
7zW%!#"_w&
7zA$ p %o~.$e
  n 
7zW 
&e+pF+*)+)	,	
 z.$"$%
7zW
	&$w&Toz.$*	
#+
	 2
 '&++
+*)+),L.
-¥o
+p&(
&z. ¥
.
 l w&
&z(\	T
7z( l $-p w&
7z q2r 
%
Wt  t Wt  y
_C#
#
¢,4+$!ep&b4¢&e
  -++$-p+*)+),L.
-¥o
+p\&¨
&z. ¥
.
Fw&
&z	T
7z( 
 
 $-p w&
7z q2rWt   t   t
  *y
_C#
#
¢,4+$!ep&b4¢&e
 6 zT&p +*)+),L	
- +
+p&
7zWL¥
.
\w&
7z(  	T
7z( 
 $epw&
7z q2r  t  
.t ¥ t/*y
_C#
#
¢,4+$!ep&b4¢&e
««­¬$®W¯	°#±#°
¥> ¥	 op § .-#+$  (,  $!,  §  ¢
 ']!#
&z+*)+), 	
  +$
+p&(
7zWF¥	
$
=w&
7z(\ 	T
7zN  epw&
7zLq r  t  !t  .t ¥ y
_C#
#
¢,4+$!ep&b4¢&e¥
&F©
&z. #<¥z!
zWep#p '<!  n 
&z. !#"_2.
$
$©Ap*$ew&
&z
7zW p   n

7zW($($¢,
 +*)+),¨	 ¨.

  ,CT#&bC"$$#.
w 
7zW\ b$#&
7zT n &¨$\+_	 n 
&z.@{.$&
FzW$	 ¨&ep +\$#.!r0)y$ 
9.!r0)y=  +$i+2	++  +pk+	, ep
7zW-1 +#
={.	#¥p n &
&$  
^ 
&Q +
#
¢,k+$!ep&b
#
$<_zT
¢&ezT+zk 	$	
 
&z.{.$&
¨
7zW(.
 +	 {W#
! n &B
7zW *o"_ +_ n
zW#) .
$ .
\+$+ p*	
+	
+p$ep 4 
& n + 
&z. $op   n 
7zToo¨	 ¨.
=	

7zW +$"$!#"_ n 
7zW 1++
w
 e	C$o%p .
+$]ep¨
7zWC
7zT&opL+*)+)	,	
   +$
+p¨& 
7zW
¥
.
  w&
&z   	T
7z N  $ep w&
&z¨q2r  t  t  t  y%$#
#	
¢,4+$!-p$&T#
$<_zT
 ¢&e¥
 !:  :S  HNX$]HD	.#
6N]Wtpl]^Z|~]\u]Se;n]0PfjeNnWZfrutplF]\|p(et]S¡!etiqnfjileNiq¤XfrumS|]Sn]+ux]\kl[]Se;n0£vetpq[]09¤¥sZ¦\¦SwNux]\kl[]Se;n\£
¡WtfjmW9]\etpqythg]0un~WZ]^uZhjf²nnfjeZk:iq¤fru~m|~]n]^msZ|~l]0ufjep"hg]0uudun~|frm.nd¡pw:n~Wtpqe9¡fgnWPnWZ]
n]0mWZeZfrz;sZ]\u
t|i5Fi;ux]0Kfje^3 $5 £ZyEw+npq­Efgetk^fje;niKp5mSmi5sZe;nFi;uufgythg]eZi5fju]\u\¯}e°]¶KmSfg]\e5noplet:ux]\kl[]Se;n~pqnfjile°pqhjklil«
|~fgnWZ[ ¡p5ut|]0ux]\e5n~]\·¯
9il|~]Sil]\|\£5nWtfjuetiqnfjile°i5F]\etueZ]\¡ 2]S|ux2]\mnfjl]0utfgn[^fjklW;ny2]stu]\(niK]:teZ]¤¥st¦S¦Sw"n~pleZkl]\e5nyEw
]SªEn]SeFfgetkn~WZ]]	:FeZf²n~fgi5e(il¤frumS|]Sn]dn~pleZkl]\e;n~uklfjl]\e"yEwK¯³fjplhjpl|~ 3 56¯ VXWZ]eZilnfjile:iq¤fru~m|~]n]
¤¥st¦S¦Sw pq|m[fgk5W;n
plu¡]ShjhDy2]"]0stmS]\N¤¥|~il[ nWZ]Ketiqnfjile il¤X¤¥sZ¦S¦\wNu]Sk5[^]\e;n
pqet¤¥|~il[ nWZ]"¡i5|­
stet]S|n~pl­l]\e"ile:n~WZ]frumS|]Sn]pq|mSufje^3j#5 ¯
m­EeZi¡hj]\Zkl[]Se;n~u+ni³pEfg]\|2;ofghrpqfj|]1	a³¢Z|~iq]\mn\£oÂdL?6"¡WZi§plu­l]\sFuKn~i§u]Sk5[^]\e;n
pu]nil¤eZi5fjuw"mst|5]\uyEw"stufgetkpfjklfgn~plh·kl]\il[]n~|wKplZZ|~i5plmW¯

 X(
3g5Á
¯$ÃiE]Sst| i5hghjwl£vÂD¯vVi5sZkleZ]5£
¯adc\|~pl|~pqetF¯ {O]S5]SfjhghjY\u\¯
oe ]Shj]S[]Se;n~pl|w9plhgk5il|~f²n~WZ[ ¤¥il|
Zfgk5f²npqhpl|~m"ux]\kl[]Se;n~pqnfjilev¯  o
$$
	¨& 6 zW+$o	
+$C $\{e!
	4 -	-o £li5h7¯*>Z£
_lltl¯
3 _$5V¯ F¯0ÁdpEfju\¯5ÀFpluxn$]0mil[2i5uf²n~fgi5eiq¤tZfgk5f²npqh5mSsZ|~l]\ufge;n~io2ilhjw;k5iletustufgeZkonWZ] ;op5pq|vn~|~pletux¤¥il|~[:¯
+  6 o$W*	
$.$ L$

# h e$<,_+ep   +zT&e+#.
&¢<*e+ £l5ilh6¯5_5£qev¯5t£5plsZklstuxn\£
0l5Z¯
3 5C?.¯2Áo]\yZhj]\E« ]SeteZ]\u~uxi5e:pletF¯ {¯t]\l]\fghjhgY0uS¯ hgfjeZ]0pq|pqhjkli5|fgnWt[ ¤¥il|ou]Sk5[]Se;n~pqnfjile:iq¤ fgk5f²npqh
mSsZ|~l]\u\¯ +#
#e
e$T!#e]L

	#  ++ .&
$^$ep h #
 1 	+#
&¢<b	-+ £Flilh6¯Z£
tv¯.>lb8!> >5_Z£;Z]\m]\[y2]S|0£·\5*8¯
3  5a^¯ ;¯b;opl|~wplet Q¯  ¯ 6N|fjklW;n\¯Fefge;n~|istmnfjile
nin~WZ]XnWZ]\il|~wiq¤QeEsZ[y2]S|uS¯ oª;¤¥i5|~{}|~]\u~uS£
0l5Z¯
UWV@«XUZY
 	

	
 !#"$#%&
('*)+),( -.
 
3 8$5 ®¯5Âvfjet]\eEytpqsZ[Bpqet¯%M|sFm­Euxn]\fge¯ ³e|]0msZ|ufg5]l£ (1 e6tpl|xn~f²n~fgi5eZfgetkdil¤vpfgk5f²n~fg¦\]\mst|5]
fje;niPZfgk5f²npqhDuxn|pqfjklW;nux]\kl[]Se;nuS¯ + 	6 o$W*	
$.2$  $

# h -$¢,_#4$-p   +zT&-
+	.
	&<<*e+ £tli5h7¯·_8£Eev¯tt£Zux]\n]\[y2]S|0£v\5lt¯
3 >5 l«¯ {¯Q]S5]SfjhghjY\u\¯adcSil[cSn|~fg]Zfju~m|~Yn~]l£Fm\pqhrmsZhru]\e9eZi5[yZ|~]]Se;nfj]S|u]Sn³pqhjkli5|fgnWt[^frz;sZ]l¯VXWZY0ux]
  cSn~pn0¯ etfg5]S|uxfgncÂvi5sZfruX{p5un~]SsZ|0£ ¿ n~|~p5uxy2ilsZ|~kt£Q0lZ5¯
3 _5{¯ Â}¯Zi;uxfjev¯$V]0mWZeZfrz5st]\uD¤¥il|plu~ux]0uufjeZk2ilhjw;k5iletplhFplZZ|~iªEfj[+pn~fgi5etu}il¤msZ|~l]0uS¯ +  6 W §
*	
$.$ L$

# h -$¢,_#$-p   +zT&- +#.
&¢<*e+ £Zli5h7¯j\t£Eev¯.>Z£steZ]l£v0lEE¯
3 5¯ ofrpqhrpq|·¯+ad]Si5[^]Sn|~fjm\pqhtpl|~pl[^]Sn]\|~u³]ªEn|plmnfjileP¤¥|i5[ frumS|]Sn]tpn~Wv¯ l 
7z +#
#e
e
 _z.o{C+ £ ¿ Z|~fgeZk5]S|0£·\5 >Z¯
3 5 6 ¯6 pqePplet F¯ ¯  ]Se;nsZ|pZ¯ ¿ ]Sk5[]Se;n~pqnfjile´iq¤}thjpletpq|dmsZ|~l]0ufje5n~i(uxn|pqfjklW;nx« hjfgeZ]
ux]\kl[]Se;n~u
plet9]\hghjfjnfrmSplhpl|~m\uS¯ Fo{.zT+$¨¥p 9 $ep &b{-¥o	+#&b £·lilh6¯ 8qt£Fev¯ >t£QZv¯Q5lq« 5qF£
etil]S[
yF]\|\£Q0l;¯
««­¬$®W¯	°#±#°
Unité de recherche INRIA Lorraine
LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  # # 	
 "!   '
ISSN 0249-6399
